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Abstract.  
Given its position and role, the soil – a component of the biosphere and also a product of the interaction between the biotic and 
abiotic environment sustains the growth of plants. For this reason, macro – and micronutrients must be ensured as they play an 
essential role in the life of plants as well as in the evolution of soils. A macroelement must be applied in the right quantity, at the 
right time or else this element may turn into a polluting agent. The paper presents a comparative study regarding the 
concentration of main macronutrients in the soils of the upper Mureş river basin. These soils receive different degrees of 
fertilizers with N, P and K and they are in the vicinity of industrial pollution sources. The analyzed samples: PA3, PV10 
registered a high/excessive content of N, P, K (PA3-3,18% N ; 812 mg/kg K and PV10-240mg/kg K). The nitrogen, phosphorous 
and potassium content of the analyzed samples registered different values, this being strongly influenced by the distance from the 
industrial pollution sources. 
© 2013 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of Department of Industrial Engineering and Management, Faculty of 
Engineering, “Petru Maior” University of Tîrgu Mureș. 
Keywords: macronutrients; soils; soil samples; variation interval; soil pH value 
* Corresponding author. Tel.: +4 0742043487.
E-mail address: florica.morar@ing.upm.ro 
Available online at www.sciencedirect.com
© 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of the Petru Maior University of Tirgu Mures.
610   Florica Morar and Andrea Peterlicean /  Procedia Technology  12 ( 2014 )  609 – 614 
1. Introduction 
Advanced agricultural practice demonstrates that chemical fertilizers aid in the process of obtaining increased 
vegetal production. They can be substituted by other fertilizers only partially, for example by organic fertilizers, 
which contribute to the soil structure improvement. Chemical fertilizers must be used in accordance with the natural 
fertility of the soil, the ecological conditions and the crop nutrient requirements. Considering all of these factors, 
negative effects on the environment can be reduced to the minimum. [8, 13, 15]. 
Ecological agriculture does not allow for the use of chemical fertilizers to improve soil characteristics. In this 
case other agro-technical methods are applied. [2, 11, 18]. 
The soil needs to ensure the micro- and macronutrients needed in the growth process of plants [16,12]. These 
nutrients are usually added to the soil as organic or mineral fertilizers, the dosage depending on the needs of the 
cultivated plants, as well as on the contents of the soil [21]. 
In the soil more than 95% of the nitrogen is organic resulted from biological activity. According to soil type at a 
depth bigger than 1 m, our country’s soils store a total of 9 – 30 t/ha of nitrogen [10, 11]. 
The presence of nitrogen in the soil varies acco rding to climate, season, type of soil, microorganism 
activity [2, 18]. Specialty literature mentions the presence of molecular nitrogen in the atmosphere over a hectare 
of soil amounting up to 70000-78000 tons. However, this cannot be absorbed by the superior plants. In the tillable 
layer of the soil, at the depth between 0 - 20 cm, the total nitrogen content is between 0,1 and 0,4% (2,5-10 tons/ha), 
but it decreases at bigger depths. Research shows that at a depth of 2-3 m nitrogen barely exists [20].  
Potassium is one of the most abundant elements in the crust of the Earth, amounting to 
2, 6%. Despite this fact, a huge amount is not accessible to plants, as certain silicates (leucite, K2O·Al2O3·4SiO3) 
contain potassium but this is strongly bonded. On the other hand, the potassium in clays is more accessible to plants 
[5]. The soils in our country have a potassium content between 1,5 and 2,5 %, higher in heavy soils and lower in 
light soils. Adding nitrogen to a well fed soil with high potassium content can lead to the loss of potassium from the 
respective soils. For this reason there is a risk that potassium could become a limitative nutrient in the soils that are 
strongly fertilized using other nutrients [5].  
The phosphors in the soil come from the ore on which the soil was built. They will help plats to assimilate 
nitrogen and potassium. In this way, the lack of phosphors in the soil worsens the absorption of nitrogen and 
phosphor by plants. From the phosphors introduced in the soil, plants will use between 15 and 60%, the rest will be 
fixed in the soil, for the plants to use in the following year [1, 17]. 
Phosphorus and nitrogen must be present in a simple, anorganic soil in order for the plants to absorb them. In the 
case of phosphorus, the most commonly encountered form is orthophosphate. In the pH structure of most soils, the 
predominant orthophosphates are: H2P04– and HPO42–, and the best assimilated ones have a neutral pH [1,15]. 
2. Materials and Methods 
To make the study three regions in Mures county were selected where experiments were made. The experiments 
were mono-factorial, with one repetition. The regions selected were: Cristesti, Tarnaveni and Valea Larga. Some 
lots were fertilized each of a surface area of 5m2 (4 lots in each selected region) with: 
x ammonium nitrate (lot 1-P1) , 
x complex fertilizers (lot 2- P2), 
x calcium amendments (lot 3-P3). 
One lot was left unfertilized - PM. 
In total, for the three regions, 12 samples were collected: 
x For the Cristesti region - PMC, P1C, P2C, P3C; 
x For the Tarnaveni region - PMT, P1T, P2T, P3T; 
x For the Valea Larga region - PMV, P1V, P2V, P3V. 
Samples were taken from a depth of 20-30 cm in the soil. 
The determination of nitrogen, phosphorus and potassium was made in the laboratory of OSPA Mures, and the 
determination of the pH was made in the environmental laboratory of the Faculty of Engineering within Petru Maior 
University in Tg. Mures.  
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The determination of the total nitrogen in the soil was made using the Kjeldahl method, based on the wet 
oxidation procedure (mineralization) of chemical compounds with nitrogen from the soil. The determination of the 
phosphorus in the soil (P) was made using the Nikolav method (phosphates are extracted from the soil sample with a 
solution of ammonium acetate-lactate at pH=3,75), and the determination of the potassium in the soil was made 
applying the method of potassium determination in the AL extract ( ammonium acetate-lactate) with the help of the 
flame photometer.  
We considered it to be necessary to determine the pH of soil samples for the following reasons:  
x based on the reaction of the soil, a big picture can be established over the chemical, biological and physical 
characteristics of the soil; 
x the reaction of the soil serves in the agro-productive characterization of the soil and it constitutes an 
important criteria in the establishment of the way the soil will be used; 
x the reaction of the soil is an indicator to appreciate the opportunity to apply amendments, in view of 
improving and superior use of acid and alkaline soils, as well as of applying other fertilizers. 
In order to determine the pH, the pH-meter Hanna Instruments HI 113 was used, from the supply of the 
laboratory of the Faculty of Engineering. The determination was made in water-based solution.  
3. Results and discussion 
Table 1 shows the results of the determinations as well as the interpretation of the pH values of the analyzed 
samples. It can be seen that the unfertilized soil sample in the Cristesti area has a strong acidity, this being the result 
of the activity of the nearby chemical plant Azomures. The influence of the amendments applied to sample P3C, 
shows a weak alkaline reaction.  
The samples taken from the Tarnaveni region registered values in the interval that is characterised by a weak acid 
reaction (unfertilized sample) and weak alkaline( the other 3 samples). 
In the Valea Larga region, soils seem to have a moderate acid and neutral, respectively weak acid reaction.  
In all the 3 regions where samples were taken, a comparison of the unfertilized sample with the samples amended 
with dolomite (CaCO3) a correction of soil acidity can be observed. 
Table 1. The determined values of pH in the soil samples 
Nr. crt Soil sample pH value of the analyzed samples 
Interpretation 
pH values in water-based solution 
pH interval Significance 






















2 P1C 5,85 
3 P2C 7,08 
4 P3C 7,47 
5 PMT 6,30 
6 P1T 8,26 
7 P2T 7,75 
8 P3T 7,68 
9 PMV 5,30 
10 P1V 7,50 
11 P2V 7,20 
12 P3V 7,48 
The degree of N,P and K concentration in the , as well as the influence of the fertilizers applied are seen in Table 
2. The characterization of the presence of N, P and K in the soil samples is in accordance with the recommendations 
of ICPA Bucuresti. 
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Table 2. N, P, K soil concentration – obtained results  
Nr. crt Soil sample 
The values of macroelements in the analyzed samples 
N total( %) P mobile (ppm) K mobile (ppm) 
1 PMC 0,180 65 612 
2 P1C 3,120 88 538 
3 P2C 3,180 136 812 
4 P3C 0,270 180 471 
5 PMT 0,120 25 310 
6 P1T 0,098 20 228 
7 P2T 0,170 38 402 
8 P3T 0,337 45 483 
9 PMV 0,108 19 133 
10 P1V 0,112 68 125 
11 P2V 0,268 240 332 
12 P3V 0,277 205 125 





N total of admissible limit 
(%) 
Admissible limit P 
(mg/kg P) 
Admissible limit K 
(mg/kg K) 
1 Very small/very weak ≤0,100 ≤8 ≤66 
2 Small/weak 0,100- 0,140 8,1-18 66,1-132 
3 Medium 0,141- 0,270 36,1-72 132,1-200 
4 High/good 0,271- 0,600 72,1-108 200,1- 265 
5 Very big/very good ≥0,600 108,1- 144 265,1- 400 
6 Excessive - ≥144,1 ≥400,1 
 
Characterization of the samples from Cristesti 
The unfertilized sample and the amended sample has a medium supply of nitrogen, whereas the soil fertilized 
with ammonium nitrate and the complex one contain high degree of nitrogen, which leads to the pollution of the 
respective soils with nitrites.  
The phosphorus supply in the region is very good except for the wrong amendment (wrong doses or wrong 
period between fertilizations). The soil will become excessively rich in the element, which will influence the 
contribution of other elements and microelements. The same thing can happen in the case when potassium is the 
region is not reduced. 
Characterization of the samples from Tarnaveni 
The soils in the Tarnaveni region have a weak to medium supply of phosphorus, potassium is strongly retained in 
the soil if amended with CaCO3, but the administration of complex fertilizers can balance the presence of 
macreoelements in the soil samples taken.  
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Characterization of the samples from Valea Larga 
In the sample P3V (with amendments) the phosphorus content is good for field crops, natural meadows and 
cultivated meadows, wines and fruit orchards but it is excessive for vegetables. In the samples fertilized with 
complex fertilizers and amendments the soil is oversaturated with phosphorus, the normal doses being overcome. 
For certain plants, this is an excess, leading to their drying up. The potassium content in the samples amended and 
fertilized with NH4NO3 is weak and very good in the complex fertilizer sample. The N content of the analyzed 
samples is within the interval between weak and medium, which attracts a reduction of productivity, bearing in mind 
the fact that nitrogen helps increase the aerial mass of plats. 
4. Conclusions 
Sustainable agriculture must firstly protect the environment and the natural resources, to ensure their 
management with high profitability. The principle behind ensuring ecological protection is the sizing of doses in 
strict correlation with the quantities of nutrients used by plants and the agro-chemical features of the soil. 
Advanced agricultural practice demonstrates that chemical fertilizers are the most important means of increasing 
vegetal production and that they can only be partially replaced by organic fertilizers which contribute to the 
revitalization and improvement of soil structure. 
Chemical fertilizers must be used in accordance with the natural fertility of the soil, the ecological conditions and 
the requirements of the crops for nutrients. Taking all these elements into consideration, they will not harm the 
environment.  
It is obvious that the extensive use of nitrogen-based fertilizers will continue the vicious circle through which the 
biosphere will be polluted to a critical level. 
 The excess of phosphors to living organisms is not toxic. From the intensive use of phosphors fertilizers fluorine 
and arsenic concentrations increase in agricultural products. This is explainable by the fact that super-phosphate 
contains up to 1,5% fluorine which acts as an inhibitor to a number of enzymes.  
Following the pollution with chemical fertilizers, there is a threat of polluting the aquatic environment. A 
solution would be to apply the fertilizers in the right amount at the right time, and to correctly equip the machines 
that will spread the fertilizers.  
It is absolutely necessary to raise the specialists’ awareness regarding the provisions and ethical principles of 
environment protection.  
It is preferable to use organic fertilizers instead of chemical ones, as they have a smaller impact on the 
environment and implicitly on the soil. Green fertilizers that are incorporated into the soil are a non-polluting 
method to increase soil fertility and improve the physical chemical and mechanical properties of the soil.  
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